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A b s tra c t
A new, n o n -m agne tic  Time o f  F l ig h t  Mass S p ec tro m e te r  h a s  been 
c o n s t r u c te d .  P re lim in a ry  work w ith  t h i s  in s tru m e n t i n d i c a t e s  t h a t  th e  
t h e o r e t i c a l  mass r e s o lu t io n  fo rm u la , p re v io u s ly  d e r iv e d  by Lum,1964, 
i s  i n  e r r o r .  New mass r e s o lu t io n  fo rm ulae  which a g re e  w ith  e x p e rim e n ta l 
o b s e r v a t io n s ,  a r e  p r e s e n te d .  These fo rm u lae  d i s t i n g u i s h  betw een even 
and  odd n num bers. A r e s o lu t io n  o f  one p a r t  in  s i x  th o u san d  h as  been 
a c h ie v e d  w ith  th e  in s tru m e n t .  A lthough h ig h e r  r e s o lu t io n s  a r e  t h e o r e t i c a l l y  
p o s s ib le ,  th e y  have n o t been re a c h e d  due to  a  s p l i t t i n g  o f  th e  mass peaks 
when la r g e  R .F . v o l ta g e s  a re  a p p l ie d  to  th e  d e f l e c t i n g  p l a t e s .  S e v e ra l 
p o s s ib le  c a u se s  o f  t h i s  s p l i t t i n g  a r e  advanced , b u t no d e t a i l e d '  
i n v e s t i g a t io n  o f  th e  e f f e c t  h as  been done to  d a te .
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CHAPTER I
INTRODUCTION
A . Mass S p ec tro sco p y
T r a d i t i o n a l ly ,  mass m easurem ents have been made ( s e e  Duckw orth, 
1958  ) w ith  l a r g e  m agnetic  d e f l e c t i o n  ty p e  in s t r u m e n ts .  In  such  
in s tru m e n ts ,  io n  beams o f  e i t h e r  c o n s ta n t  en e rg y  o r  c o n s ta n t  v e l o c i ty  
a r e  s e p a ra te d  in t o  d i f f e r e n t  t r a j e c t o r i e s  c o rre sp o n d in g  to  th e  d i f f e r e n t  
m asses p r e s e n t  i n  th e  beam. F or th e  a c c u r a te  com parison  o f  two m asses , 
th e  m agnetic  f i e l d  sh o u ld  be th e  same over b o th  t r a j e c t o r i e s .  S in ce  i t  
i s  d i f f i c u l t  to  p roduce  a  u n ifo rm  m agnetic  f i e l d  o v er a  l a r g e  r e g io n ,  
su ch  com parisons a r e  l im i t e d  to  io n s  whose m asses a r e  a lm o s t e q u a l .
T h is  so  c a l l e d  d o u b le t method may be u sed  to  compare th e  mass o f  a  heavy 
io n  to  th e  ca rbon  s ta n d a rd ,  b u t i t  i s  o f te n  n e c e s s a ry  t o  employ s e v e r a l  
in te rm e d ia te  d o u b le t d e te rm in a t io n s .  H ence, th e  e r r o r  i n  th e  com parison  
w i l l  be th e  sum o f  th e  e r r o r s  in  each  o f  th e  d o u b le t d e te rm in a t io n s .
Thus an in s tru m e n t which would p e rm it th e  d i r e c t  com parison  o f  two 
w id e ly  s e p a ra te d  m asses i s  o f  g r e a t  im p o rta n c e .
Smythe and M attauch i n  1932 were th e  f i r s t  to  u se  a  n o n -m agne tic  
tim e o f  f l i g h t  in s tru m e n t to  d e te rm in e  atom ic m asses . S in ce  t h a t  tim e 
many in s tru m e n ts  o f  t h i s  ty p e  have been  b u i l t ,  b u t a l l  o f  them s u f f e r  
from low r e s o lu t io n ,  w ith  th e  p o s s ib le  e x c e p tio n  o f th e  e l e c t r i c  
qu ad ru p o le  mass s p e c tro m e te r .  These in s tru m e n ts  a re  n o t s u i t e d  fo r  th e  
d i r e c t  d e te rm in a tio n  o f  l a r g e  mass d i f f e r e n c e s  s in c e  a  w ide ra n g e  scan  
m ust be made betw een th e  l i g h t  and heavy m asses . In  1964, Lum re p o r te d  
on a  h ig h  r e s o lu t io n ,  non-m agnetic  Time o f  F l ig h t  Mass S p e c tro m e te r .
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T h is  s p e c tro m e te r ,  w hich p e rm its  th e  d i r e c t  com parison  o f  l i g h t  and heavy 
m asses , i s  e s s e n t i a l l y  a  v e l o c i ty  f i l t e r  f o r  a  m o n o -en e rg e tic  beam o f  
i o n s .  The p re l im in a ry  o p e ra t io n  o f  a  more s o p h is t ic a te d  in s tru m e n t v / i l l  
be  d is c u s s e d  i n  t h i s  t h e s i s ,  and a  more a c c u ra te  th e o ry  f o r  th e  mass 
r é s o lu t io n  w i l l  be worked o u t ,
B, O p e ra tin g  P r in c ip le s
F ig u re  I  i s  a  sch em a tic  d iagram  o f  th e  Time o f F l ig h t  Mass 
S p e c tro m e te r , Io n s  a r e  p roduced  in  a  s u r f a c e  io n i z a t io n  so u rc e  ( Inghram  
and Hayden, 1954 ) and th e n  a c c e le r a te d  tow ards th e  ground s l i t  by th e  
h ig h  v o lta g e  power s u p p ly . Io n s  which a r e  a b le  to  p a ss  th ro u g h  th e  
ground  s l i t  form an io n  beam, r e p re s e n te d  by th e  dashed  l i n e  i n  th e  
d iag ram . T h is  beam, a f t e r  p a s s in g  s u c e s s iv e ly  th ro u g h  th e  f i r s t  
c o l l im a t in g  s ta g e ,  th e  f i r s t  R .F , s ta g e ,  th e  second c o l l im a t in g  s ta g e ,  
th e  second R .F , s ta g e ,  and th e  t h i r d  c o l l im a t in g  s ta g e ,  e n te r s  th e  
d e te c t in g  sy stem  c o n s i s t in g  o f  a  m agnetic  mass a n a ly s e r  and a  p a r t i c l e  
d e t e c to r .  The two R .F . s ta g e s  p roduce s in u s o id a l ly  v a ry in g  e l e c t r i c  
f i e l d s  o f  th e  same freq u en cy  and a m p litu d e , p e rp e n d ic u la r  to  th e  io n  
beam. Only th o s e  io n s  t h a t  p a ss  th e  R .F . s ta g e s  a t  z e ro  f i e l d  can e n te r  
th e  d e te c t in g  sy stem . H ence, any io n  t h a t  i s  d e te c te d ,  m ust have 
t r a v e l l e d  th e  d is ta n c e  betw een th e  two R .F . s ta g e s  in  an i n t e g r a l  number 
o f  h a l f  p e r io d s  o f  th e  a p p l ie d  f re q u e n c y . The c o n d i t io n  f o r  an io n  
re a c h in g  th e  d e te c to r  i s
V = 2 L f/n  I - l
where v i s  th e  v e lo c i ty  o f  th e  io n ,  f  i s  th e  a p p l ie d  fre q u e n c y , n i s  th e  
i n t e g r a l  number o f  h a l f  p e r io d s ,  and L i s  th e  d is ta n c e  betw een th e  two 
RoFr s ta g e s .
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U sing th e  p r in c i p l e  o f  th e  c o n s e rv a t io n  o f  en e rg y , f o r  an io n  
s t a r t i n g  a t  r e s t  in  th e  io n  so u rc e  and b e in g  a c c e le r a te d  by a  p o t e n t i a l  
o f  V v o l t s ,  th e  v e lo c i ty  can  be e l im in a te d  from Eq, I - l ,  g iv in g  upon 
re a rra n g e m e n t, an e x p re s s io n  f o r  th e  mass o f  th e  d e te c te d  io n  in  te rm s 
o f  th e  p a ra m e te rs  o f  th e  Time o f  F l ig h t  Mass S p e c tro m e te r .
m = n^eV /2L^f^ 1 -2
where m i s  th e  mass o f  th e  io n  and e i t s  c h a rg e .
In  p r a c t i c e ,  e i t h e r  th e  freq u en cy  o r  th e  v o l ta g e  i s  v a r ie d ,  and th e  
io n s  o f  mass ra w i l l  be d e te c te d  f o r  s u c c e s s iv e  n numbers c o rre sp o n d in g  
to  th e  p a r t i c u l a r  v a lu e s  o f  th e  freq u en cy  o r  v o lta g e  t h a t  s a t i s f y  Eq. 1-2» 
S in c e  mass d i f f e r e n c e s  r a t h e r  th a n  a b s o lu te  m asses a re  m easured in  
p r a c t i c e ,  th e  o u tp u t o f  th e  d e te c to r  v e rs u s  freq u en cy  o r  v o lta g e  can  be 
u sed  to  d e te rm in e  th e s e  mass d i f f e r e n c e s .  V/hen th e  freq u en cy  i s  v a r ie d  
( freq u en cy  sw eeping ) ,  th e  mass d i f f e r e n c e ,A m , betw een two io n s  o f  
mass m and m+Am, r e l a t i v e  to  th e  mass ra, i s
Am/m 2 A f/f  1 -3
where A f i s  th e  d i f f e r e n c e  in  fre q u e n c y  betw een th e  two p e a k s , p ro v id ed  
t h a t  th e  n numbers a r e  th e  same f o r  th e  two p e a k s . I f  th e y  a re  n o t ,  th e n  
Eq. 1 -3  becomes
Am/m <a 2 A f/f  + 2An/n I - 3 a
where An i s  th e  d i f f e r e n c e  i n  th e  n num bers.
S im ila r  e x p re s s io n s  fo r  v o l ta g e  sw eeping a re
Am/m a AV/V I -  t
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
and  Am/m si AV/V + 2 A n /n  I - 4 a
w here AV i s  th e  v o l ta g e  s e p a r a t io n  o f  th e  two p e a k s .
F o r p re l im in a ry  work w ith  th e  Time o f  F l ig h t  Mass S p e c tro m e te r , i t  
i s  c o n v e n ie n t to  use  o n ly  a  sm a ll p o r t io n  o f  th e  mass sp ec tru m , s in c e  
th e  mass peak s  from d i f f e r e n t  p a r t s  o f  th e  mass spectrum  s t a r t  t o  o v e r la p  
a t  h ig h  n  numbers» A low r e s o lu t io n  m agnetic  mass a n a ly s e r  i s  u sed  to  
s e l e c t  th e  io n s  in  th e  d e s i r e d  mass ra n g e  b e fo re  d e te c t io n .
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I
THEORY
Ao T h e o r e t ic a l  Mass R e s o lu tio n
The mass r e s o lu t io n  f o r  t h i s  ty p e  o f  Time o f  F l ig h t  Mass S p e c tro m e te r  
h a s  been d e r iv e d  p r e v io u s ly  ( Lum, 1964 ) and i s  g iv en  by
Am/m = (l6V w b)/(nW yhL ) I I - l
where w i s  th e  w id th  o f  th e  c o l l im a t in g  s l i t s ,  b i s  th e  d is ta n c e  betw een 
th e  R.Fo p l a t e s ,  V i s  th e  am p litu d e  o f  th e  R .F . v o l ta g e ,  and h i s  th e
y
le n g th  o f  th e  R .F . p l a t e s  i n  th e  d i r e c t io n  o f  th e  io n  beam. T h is  e q u a tio n  
p r e d ic t s  t h a t  th e  r e s o lu t io n  im proves l i n e a r l y  w ith  n .
IVhen th e  freq u en cy  o r  v o l ta g e  i s  sw e p t, th e  same mass w i l l  be 
d e te c te d  a t  r e g u la r  freq u en cy  o r  v o l ta g e  i n t e r v a l s  c o rre sp o n d in g  ( see  
Eq. 1 -2  ) to  s u c c e s s iv e  n num bers. In  ex p e rim en ts  to  be d e s c r ib e d  in  
I V ,E ,  i t  was o b serv ed  th a t  peak s  f o r  th e  same mass w ere a l t e r n a t e l y  
"good" and "bad" in  r e s o lu t io n  f o r  odd and even n r e s p e c t iv e l y .  T h is 
e f f e c t ,  which i s  n o t p r e d ic te d  by Eq. I - l ,  w i l l  now be d is c u s s e d ,  and 
d i f f e r e n t  mass r e s o lu t io n  fo rm u lae  fo r  even and odd n w i l l  be d e r iv e d .
F or t h i s  p u rp o se , th e  r a n g e , A T , in  th e  tim e  o f  f l i g h t  o f  an  io n  
ab o u t an av e rag e  tim e o f  f l i g h t , T ,  w i l l  be in v e s t i g a t e d .  Time z e ro  i s  
d e f in e d  a s  th e  tim e when th e  R .F . f i e l d  i s  z e ro  w h ile  an io n  i s  p a s s in g  
th ro u g h  an R .F . s ta g e .  The tim e s  t h a t  an io n  e n te r s  and em erges from an 
R .F . s ta g e  a re  d e f in e d  as  t ^  and t ^  r e s p e c t iv e l y .  An io n  t h a t  d id  n o t 
undergo an a n g u la r  d e f l e c t i o n  in  p a s s in g  th ro u g h  an R .F . s t a g e ,  must 
have e n te re d  th e  s ta g e  a t  tim e  -h /Z v  rn d  em erged a t  tim e  + h /2 v . However,
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t h i s  io n  does s u f f e r  a  d isp la c e m e n t, and le a v e s  th e  R .F . s ta g e  moving 
p a r a l l e l  to  i t s  o r i g i n a l  d i r e c t i o n .  T h is  d isp la cem e n t i s  p r o p o r t io n a l  
t o  V and i s  u s u a l ly  n e g l ig ib l e  com pared to  th e  s l i t  w id th s .  I f  an io n
y
p a s s e s  b o th  R .F . s ta g e s  w ith  no a n g u la r  d e f le c t io n  in  e i t h e r  on e , i t  
m ust have t r a v e l l e d  th e  d is ta n c e  betw een th e  R .F . s ta g e s  i n  an  i n t e g r a l  
number o f  h a l f  p e r io d s  o f  th e  a p p l ie d  fre q u e n c y .
Z = nT/2 I I - 2
w here T i s  th e  p e r io d  o f  th e  a p p l ie d  fre q u e n c y  and T  i s  th e  a v e ra g e  
tim e  o f  f l i g h t .
S in ce  th e  in s tru m e n t h as  f i n i t e  s l i t  w id th s , i t  i s  p o s s ib le  f o r  th e
io n s  to  t r a v e l  a t  v a r io u s  sm a ll a n g le s  tO' th e  a x is  o f  th e  in s tru m e n t and
s t i l l  p a ss  th ro u g h  a l l  th e  s l i t s ,  i f  i t  s u f f e r s  th e  r i g h t  a n g u la r  
d e f le c t i o n  a t  th e  R .F . s t a g e s .  An io n ,  o f  c o u rs e ,  s u f f e r s  an  a n g u la r
d e f l e c t i o n  i f  i t  e n te r s  th e  R .F . s ta g e  a t  some tim e o th e r  th a n  - h /2 v .
The e q u a tio n  o f  m otion i n  a  d i r e c t i o n  p e rp e n d ic u la r  to  th e  io n  beam, 
c a l l e d  th e  y d i r e c t i o n ,  f o r  an io n  in  an R .F . s ta g e ,  i s  g iv en  by
mdv = eV s in w td t /b  I I - 3
y y
where v^ i s  th e  v e lo c i ty  o f  th e  io n  in  th e  y d i r e c t io n , to  i s  th e  a n g u la r  
freq u en cy  o f  th e  R .F . , and t  i s  th e  tim e . S in ce  th e  R .F . f i e l d  i s  sm a ll 
d u rin g  th e  tim es  u n d er c o n s id e r a t io n ,  Eq. I I - 3  can be r e - w r i t t e n  as
mdv = eV to td t /b ,
y y
which upon i n t e g r a t i o n ,  becom es,
V _-v . = eV w ( t_ + t .  ) ( t„ - t_ .  )/2mb 11* 4
y I y 1 y x i  i  x
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8w here th e  s u b s c r ip t s  i  and f  s ta n d  f o r  th e  i n i t i a l  and f i n a l  v a lu e s  
r e s p e c t iv e l y .  The q u a n t i ty  ( t ^ ^ t^ )  i s  e q u a l to  th e  tim e  o f  f l i g h t  ( s e e  
f ig u r e  I I I  ) o f  an io n  th ro u g h  an R .F . s ta g e .  l e ,
t j - t ^  = h/v .. I I - 5
S u b s t i t u t io n  o f  Eq. I I - 5  in t o  Eq. I I - 4  y ie ld s
= eVyW(t^+tj.)h/2mvb,
w hich can be w r i t t e n  i n  a  more co n v e n ie n t form a s ,
’ y f - V  = I I - 6
where K = heV co/2m vb. I I - 6 a
y
An e n t ry  e r r o r  tim e , t ' ,  w i l l  now be d e f in e d  a s  th e  d i f f e r e n c e  
betw een th e  tim e , t ^ ,  t h a t  an io n  a c t u a l l y  e n te r s  an R .F . s ta g e  and 
th e  t im e ,- h /2 v ,  t h a t  i t  sh o u ld  have e n te re d  i f  i t  w ere to  s u f f e r  no 
a n g u la r  d e f l e c t i o n .  Thus
t'.= t^ + h /2 v . I I - 7
The v a lu e  o f  t* i s  p o s i t i v e  i f  th e  io n  e n te r s  l a t e r  th an  -h /2 v  and 
n e g a t iv e  i f  e a r l i e r .  By means o f  E q s. I I - 5 ,  I I - 6 ,  and I I - 7 ,  th e  e n try
e r r o r  tim e can  be e x p re sse d  in  te rm s o f  th e  change i n  y v e l o c i ty  as
t '  = (Vy2-Vy.)/2K. I I - 8
The maximum y v e lo c i ty  t h a t  an io n  can  have upon em erging from one 
s l i t  and s t i l l  p a ss  th ro u g h  th e  n e x t s l i t ,  b o th  o f  w id th  w, i s  
a p p ro x im a te ly  g iv en  by
V <; vw/Le I I - 9
max.
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
w here Le i s  th e  d is ta n c e  betw een th e  two s l i t s .
I f  th e  v a lu e  o f  th e  e n try  e r r o r  t im e , tj^, f o r  th e  f i r s t  R .F . s ta g e  
i s  d i f f e r e n t  from th e  e n t ry  e r r o r  tim e , t ^ ,  f o r  th e  second  R .F . s ta g e ,  
th e n  th e  io n  m ust have t r a v e l l e d  th e  d is ta n c e  betw een th e  two R .F . s ta g e s  
i n  some tim e  o th e r  th a n  th e  av e ra g e  tim e o f  f l i g h t , ' t .  The d i f f e r e n c e ,A t ' ,  
betw een th e  a c tu a l  tim e o f  f l i g h t  and th e  av e ra g e  tim e o f  f l i g h t  i s  
e q u a l to  th e  d i f f e r e n c e  betw een th e  two e n t ry  e r r o r  t im e s ,
A t '  = | t ^  -  t ^ [ ,  11-10
In  th e  c a l c u la t io n  o f  t ^  c a re  m ust be  ta k e n  to  d i s t i n g u i s h  betw een 
th e  even and odd n num bers. F o r an even n ,  th e  K v a lu e  a t  th e  second  R .F . 
s ta g e  h as  th e  same s ig n  a s  a t  th e  f i r s t  R .F . s ta g e ;  w h ereas , f o r  odd n , 
th e  K v a lu e  h as  th e  o p p o s ite  s ig n  c o rre sp o n d in g  to  a  change in  th e  s ig n  
o f  V .
y
S in ce  th e  th r e e  c o l l im a t in g  s ta g e s  a r e  }&,, L, and VzL lo n g , go ing  in  
th e  d i r e c t io n  o f  th e  io n  beam, th e  maximum v a lu e  o f  v e n te r in g  th e  f i r s t
y
R .F . s ta g e  i s  ±2vw/L ,  le a v in g  th e  f i r s t  R .F . s ta g e  and e n te r in g  th e  
second  R .F . s ta g e  i s  tv w /L , and le a v in g  th e  second  R .F . s ta g e  i s  i2 v w /L .
T ab le  I  shows some r e p r e s e n t a t i v e  co m b in a tio n s  o f  v^ in  th e  th r e e  
c o l l im a t in g  s ta g e s ,  and th e  c o rre sp o n d in g  e n try  e r r o r  tim e s  fo r  th e  two 
R .F . s ta g e s  a s  w e ll as  th e  e r r o r  i n  th e  tim e o f  f l i g h t , A t ' ,  The e n try  
e r r o r  tim es a re  c a l c u la te d  from Eq. I I - 8  and a re  in  u n i t s  o f  vw/2KL 
( se e  Eqs. I I - 8  and I I - 9  ) .  The v e l o c i t i e s  a re  in  u n i t s  o f  vw / L .
F ig u re  I I  i s  a  sch em a tic  r e p r e s e n ta t io n  o f  the . d i f f e r e n t  io n  p a th s  t h a t  
g iv e  r i s e  to  th e  e r r o r s  l i s t e d  in  t a b le  I .
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T ab le  I
1 s t R .F . S tag e 2nd R .F . s ta g e E r ro r
n even n odd nt even n odd
^ y i ""yf H ^y® *2 ^2 .
At* A t '
0 0 0 0 0 0 0 0 0
0 0 0 0 i2 i2 :2 2 2
0 +1 i l  . i l 0 ; i i l 2 0
0 i l i l i l ; 2 :3 i 3 4 2
±2 0 ;2 0 0 0 0 2 2
+2 0 +2 0 ;2 %2 i2 0 4
+2 ;3 0 i l P- 4 2
±2 ;3 i 2 Î3 73 6 0
The maximum A t' ' v a lu e s l i s t e d  in  th e l a s t  two columns o f  t a b le I  fo r
even and odd n ,  a r e  6 and 4 r e s p e c t iv e l y .  No o th e r  co m b in a tio n s  o f  v^ 
can  p roduce l a r g e r  v a lu e s  o f  A t '  f o r  an io n  t h a t  p a s se s  th ro u g h  a l l  th e  
s l i t s  and i s  d e te c te d .
The ran g e  in  th e  tim e o f  f l i g h t  i s  e q u a l to  tw ic e  th e  maximum e r r o r  in  
th e  tim e o f  f l i g h t ,  i e ,
, At= 2at% 11-11
The ran g e  in  th e  tim e o f  f l i g h t  w i l l  now be r e l a t e d  to  th e  mass 
r e s o lu t io n  o f  th e  in s tru m e n t .  I f  two s in g ly  ch arg ed  io n s  o f  mass m and 
m+Am a r e .a c c e le r a t e d  by th e  same p o t e n t i a l  V, th e n  t h e i r  k i n e t i c  e n e rg ie s  
w i l l  be e q u a l .  I e ,
Yznv^  = #Km+Am)v'^, 
where v s th e  v e lo c i ty  o f  th e  io n  o f  mass m, and v ' i s  th e  v e lo c i ty  o f  
th e  io n  o f  mass m+Am. I f  th e  mass d i f f e r e n c e ,  Am, i s  s m a l l ,  th e n  the
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6 t '=  0e
A t'=  0o
A t ' -  2
A t'=  2
A t ' = 2 e
6 t '=  0o
A t'=  4
A t'=  2
A t'=  2
A t ' = 21—  o
V =+2
01V =+2 V
■2V = - l }i t-V1
F ig u re  I Io  'Fkis f ig u r e  shows th e  p a th s  o f  th e  icMis th ro u g h  th e  mass 
s p e c tro m e te r  for the eight cases listed in table I .  The sine waves arc 
superim posed  on th e  R .F , s ta g e s  to  show w hich p a r t  o f  th e  B»F. a c t s  on 
th e  ionso  Only one v a lu e  o f  v i s  g iv e n  s in c e  th e  c a se  fo r  th e  o th e r  
v a lu e  i s  v e ry  s im i l a r .  T h e s e ^ v e lo c i t ie s  a re  i n  u n i t s  o f  vw/L. The 
numbers u n d e rn e a th  th e  R .F , s ta g e s  a r e  th e  e n t ry  e r r o r  tim e s , t ' ,  in  
u n i t s  o f  vw/2KL. The two c a s e s  f o r  th e  second R .F . s ta g e  a r e  in d ic a te d ,  
th e  ca se  fo r  even n b e in g  g iv e n  by th e  s o l i d  s in e  wave and th e  c a s e  fo r  
o d d .n  by th e  dashed  s in e  wave. The v a lu e s  a t  th e  r i g h t  a re  th e  t o t a l  
e r r o r s  in  th e  tim e o f  f l i g h t , / I t ' ,  th e  s u b s c r ip t s  e and o r e f e r r i n g  to  
th e  r \ - n  and odd c a se s  r e s p e c t iv e l y .
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R .F . P la te ,
>■ t
F ig u re  I I I .  Time o f  F l i g h t  o f  an Io n  th ro u g h  an R .F . S tag e
nAT.
mass m+Ammass m
u At
F ig u  e i-V'. Mass R e so lu tio n  C r i t e r io n
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d i f f e r e n c e  in  v e l o c i t i e s ,  ûv  = v - v ' ,  w i l l  be  s m a ll ,  so  t h a t  th e  above 
e q u a tio n  can be r e - w r i t t e n  a s
-  2 6 v /v . 11-12
S in c e  th e  v e l o c i ty ,  f o r  an io n  t h a t  i s  d e te c te d ,  i s  r e l a t e d  t o  th e  
freq u en cy  as
V = 2 L f/n  I - l
and  th e  p e r io d  i s  th e  r e c i p r o c a l  o f  th e  fre q u e n c y , Eq. 11-12 becomes
Am/m «  2AT/T, 11-15
where AT i s  d i f f e r e n c e  i n  p e r io d s  o f  th e  two f re q u e n c ie s  a t  w hich th e  
m asses a r e  d e te c te d .
Two mass peaks can be r e s o lv e d  a t  t h e i r  b a se s  ( s e e  f ig u r e  IV ) ,  
when th e  d i f f e r e n c e  i n  t h e i r  tim e s  o f  f l i g h t ,  nAT/2, i s  e q u a l to  th e  
ra n g e  in  th e  tim e  o f f l i g h t , A t . T hus,
AT = 2 A t / n .  I I - 1 4
Then by means o f  E qs. I I - 1 4 ,  and 1 1 -1 1 , Eq. 11-13 becomes
Am/m *  8 A t '/n T . 11-15
H ence, u s in g  th e  two maximum v a lu e s  o f  A t ’ from t a b l e  I ,  th e  
t h e o r e t i c a l  mass r e s o lu t io n  f o r  even n i s
and fo r  odd n i s
Am/m = (48Vwb)/(nVVyhL), I I - l 6 a
Am/m = (32Vwb)/(n)rV h L ). I I - l 6 b
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A com parison  o f  E qs. I I - l 6 a  and I I - l 6 b  w ith  Eq. I I - l  shows t h a t  th e  
r e s o l u t i o n  o f  th e  in s tru m e n t g iv e n  by Lum i s  in c o r r e c t  by a  f a c t o r  o f  2 
f o r  th e  odd peaks and a  f a c to r  o f  3 f o r  th e  even p e a k s . The re a so n  f o r  
t h i s  i s  t h a t  Lum o n ly  c o n s id e re d  th e  tim e i n t e r v a l  o v er which one o f  th e  
R.Fo s ta g e s  t r a n s m i t s . i o n s  th ro u g h  th e  n e x t c o l l im a t in g  s ta g e  a s  th e  
ra n g e  in  th e  tim e o f  f l i g h t .
From th e  d e f in i t i o n  o f  mass r e s o lu t io n  i t  can be seen  t h a t  E qs, 1 -3  
and 1 -4  may be used  to  measui-e th e  e x p e rim e n ta l mass r e s o lu t io n  o f  th e  
in s tru m e n t when A f and AV a re  ta k e n  a s  th e  w id th s  o f  th e  peaks a t  t h e i r  
b a s e s .
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CHAPTER I I I  
APPARATUS AND TECHNIQUE
Ao In tro d u c t io n
In  I ,B  th e  b a s ic  m achine la y o u t  h as  been d e s c r ib e d .  The vacuum
sy stem  c o n ta in in g  th e  s o u rc e , c o l l im a t in g  s ta g e s  and th e  R .F . s ta g e s
c o n s i s t s  o f  s i x  in c h  drawn b ra s s  tu b in g  ev ac u a ted  by fo u r  Edwards E02
vacuum pumps to  an u l t im a te  p r e s s u re  o f  1x10 ^ t o r r .  The s o u rc e  i s
in s u la t e d  from th e  r e s t  o f  th e  system  by an e ig h t  in c h  le n g th  o f  fo u r
in c h  d ia m e te r  g la s s  tu b in g .  A low r e s o lu t io n  m agnetic  mass a n a ly s e r  i s
p la c e d  betw een s l i t  Sg and th e  d e t e c to r .  The le n g th  o f  th e  in s tru m e n t
betw een s l i t s  8^ and Sg i s  a p p ro x im a te ly  10m ,, b e in g  d iv id e d  in t o  th e
f i r s t ,  seco n d , and t h i r d  c o l l im a t in g  s ta g e s  o f  app ro x im ate  le n g th s  2 ,5 m ,,
5*0m ., and 2.5m , r e s p e c t iv e l y .  The R .F , d e f le c t i n g  p l a t e s  a r e  lo c a te d  in
—2th e  sm a ll r e g io n s  ( 'v  3*7x10 m. ) betw een s l i t s  8^ and 8^ , and betw een 
s l i t s  and 8 ^ , A ll th e  c o l l im a t in g  s l i t s  and th e  R .F . d e f l e c t i n g  p l a t e s  
a r e  a d ju s ta b le  w h ile  th e  in s tru m e n t i s  e v a c u a te d , S l i t s  8^ and Sg have 
t h e i r  own s e p a r a te  a d ju s tm e n ts  w h ile  s l i t s  8^ and 8^ and th e  R .F . p l a t e s  
betw een them , th e  f i r s t  R .F , assem b ly , and s l i t s  and 8^ and th e  R .F , 
p l a t e s  betw een them , th e  second  R .F . assem b ly , a re  each a d ju s te d  a s  a  
u n i t .  The v a r io u s  com ponents o f  th e  in s tru m e n t w i l l  now be d is c u s s e d  in  
g r e a t e r  d e t a i l .
B. A d ju s ta b le  S l i t s  and R .F . D e f le c t in g  P la te s
In  o rd e r  to  a l ig n  th e  s l i t '  system  w h ile  th e  in s tru m e n t i s  in  
o p e ra t io n ,  e x te r n a l ly  a d ju s t a b le  s l i t  a s s e m b lie s  were c o n s t r u c te d .
F ig u î a t/ IS a  s im p l i f ie d  d iagram  o f  th e  f i r s t  R .F , assem b ly , w hich has
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1 S l i t  Width
2 S l i t  H eigh t
5 R iF.. Leads;; ,
4 R .F . P la te s
5 B acking P la te
6 Base P la te
7 Hollow S p in d le
8 Top S l i t
9 Push Rods
10 Bellow s
11 M icrom eter Screw Thim bles
12 R efe ren ce  S u rfa c e
13 Bottom S l i t
14 S l i t  Width B earin g  S u rfa c e
15 S l i t  H eigh t B earin g  S u rfa c e
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View B
F ig u ie V. First R /F . Assembly
V ie w  A
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b een  d e s ig n ed  so  t h a t  th e  s l i t s  can  be moved up and down, r o t a t e d ,  and 
changed in  w id th . The assem b ly , s e e  view  B, c o n s i s t s  o f  a  b ack in g  p l a t e ,
5 , on which i s  mounted th e  tv/o h a lv e s  o f  s l i t  S ^ . The to p  h a l f  o f  th e  
s l i t ,  8 , i s  mounted so  t h a t  i t  i s  f r e e  to  s l i d e  tow ards o r  away from 
th e  bottom  h a l f  o f  th e  s l i t ,  13 , th u s  a llo w in g  th e  s l i t  w id th  to  be 
a l t e r e d .  The to p  R .F . d e f l e c t i n g  p l a t e  and th e  to p  h a l f  o f  s l i t  a r e  
mounted on th e  to p  h a l f  o f  s l i t  S _ .  S im i la r ly ,  th e  bottom  R .F , d e f l e c t i n g  
p l a t e  and th e  bottom  h a l f  o f  s l i t  S^ a r e  m ounted on th e  bottom  h a l f  o f  
s l i t  Sg. S l i t s  Sg and S^ a r e  e l e c t r i c a l l y  co n n ec ted  to  g round , w h ile  th e  
R .F , p l a t e s  a r e  in s u la t e d  from  ground by means o f  t e f l o n  s p a c e r s .  The 
b ack in g  p l a t e  i s  mounted on th e  b a se  p l a t e ,  6 , so  t h a t  th e  e n t i r e  s l i t  
can  be moved up o r  down w ith o u t ch an g in g  th e  s l i t  w id th , A ho llow  
s p in d le ,  7 , i s  u sed  to  s u p p o r t th e  b a se  p l a t e  so t h a t  i t  may be r o t a t e d .  
The io n  beam p a s s e s  a lo n g  th e  a x i s  o f  th e  s p in d le  and th ro u g h  th e  s l i t s .
The a d ju s tm e n ts  f o r  th e  w id th , 1 , th e  v e r t i c a l  p o s i t i o n ,  2 , and th e  
r o t a t i o n  a re  c o n t r o l le d  by means o f  m icro m eter screw  th im b le s ,  se e  view  A. 
B e llo w s, 10 , a r e  u sed  so  t h a t  th e  m otion o f  th e  m icrom eter screw  th im b le s  
w hich a re  on th e  o u ts id e  o f  th e  vacuum, may be t r a n s m it te d  to  th e  push 
r o d s ,  9, which a re  on th e  in s id e  o f  th e  vacuum. These push ro d s  e f f e c t  
th e  v a r io u s  a d ju s tm e n ts  o f  th e  a ssem b ly . S p rin g s  a re  employed to  m a in ta in  
p r e s s u re  betw een th e  push  ro d s  and t h e i r  r e s p e c t iv e  b e a r in g  s u r f a c e s .  As 
can  be seen  from th e  f ig u r e ,  th e  m icrom eter screw  th a t  a d ju s ts ;  th e  s l i t  
p o s i t i o n  a c t s  a s  a  r e f e r e n c e  s u r f a c e ,  12 , f o r  th e  m icrom eter screw  th a t  
a d ju s t s  th e  s l i t  w id th . In  t h i s  way, th e  s l i t  w id th  rem ain s  c o n s ta n t  
w h ile  th e  s l i t  p o s i t io n  i s  b e in g  a d ju s te d .  The b e a r in g  s u r f a c e s  fo r  th e  
push  ro d s  t h a t  c o n t ro l  th e  th e  s l i t  w id th , l 4 ,  and th e  s l i t  p o s i t i o n ,  13, 
a r e  cu rved  to  a l l - ' v movement betw een th e  push ro d s  and t h e i r  b e a r in g
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s u r f a c e s  w h ile  th e  s l i t  i s  b e in g  r o t a t e d .
The s l i t  system  i n  f ig u r e  V i s  th e  f i r s t  R .F . a ssem b ly . The second  
R .F . assem bly  i s  c o n s tru c te d  in  e x a c t ly  th e  same m anner. Each o f  th e  
s l i t s  and Sg i s  made i n  a  v e ry  s im i l a r  manner ex cep t t h a t  th e  R .F . 
d e f l e c t i n g  p l a t e s  and th e  second  s l i t  i n  th e  assem bly  have been o m itte d . 
I t  sh o u ld  be p o in te d  o u t t h a t  in  th e  R .F . a s s e m b lie s ,  th e  s l i t s  on e i t h e r  
s id e  o f  th e  R .F . d e f l e c t i n g  p la te s  s e rv e  n o t o n ly  a s  c o l l im a t in g  s l i t s  
b u t  a l s o  a s  e l e c t r i c  f i e l d  te rm in a t in g  p l a t e s .  By p ro p e r  a d ju s tm e n t o f  
th e  s p a c in g  i n  th e  R .F . a s s e m b lie s  ( Duckw orth, 1958 ) ,  th e  e f f e c t iv e  
boundary  o f  th e  R .F . f i e l d  can be made to  c o in c id e  w ith  th e  p h y s ic a l  
boundary  o f  th e  R .F . p l a t e s .
C . R adio F requency  S u p p ly .
The e l e c t r i c  f i e l d s  i n  th e  R .F . d e f l e c t i n g  s ta g e s  were p roduced  by 
an R .F . o s c i l l a t o r  whose freq u en cy  was ap p ro x im a te ly  15Mc, S in c e  i t  i s  
d e s i r e a b le  to  have th e  c e n t r e  o f  th e  R .F , d e f l e c t i n g  s ta g e s  a t  g round 
p o t e n t i a l ,  i t  i s  n e c e s s a ry  to  ap p ly  an R .F . v o lta g e  a c ro s s  th e  u p p er and 
lo w er R .F . p l a t e s  t h a t  i s  b a la n c e d  w ith  r e s p e c t  to  g round . The o u tp u t o f  
th e  R .F . o s c i l l a t o r  i s  u n b a lan ced , making i t  n e c e s s a ry  to  i n s e r t  a  b a lu n  
betw een th e  o s c i l l a t o r  and th e  R .F . s t a g e s .  T h is b a lu n  c o n s i s t s  o f  a  h a l f  
w aveleng th  o f  c o a x ia l  c a b le ,  w ith  th e  in p u t  a t  one en d ,an d  th e  o u tp u t 
betw een th e  c e n t r e  c o n d u c to r a t  th e  in p u t  end and th e  c e n t r e  co n d u c to r 
a t  th e  o th e r  en d . A s h o r t  e l e c t r i c a l  c o n n e c tio n  i s  made betw een th e  
ground s h ie ld s  a t  each  end . In  o rd e r  to  keep th e  im pedances m atched , n o t 
o n ly  must th e  b a lu n  be fe d  from a  so u rc e  whose im pedance i s  eq u a l to  th e  
c h a r a c t e r i s t i c  im pedance o f  th e  c a b le  u sed  to  c o n s t r u c t  th e  b a lu n ,  b u t 
a l s o  th e  lo a d  on th e  o u tp u t must h av e -an  im pedance o f  fo u r  tim e s  who
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c h a r a c t e r i s t i c  im pedance o f  th e  c a b le ,  A sch em a tic  d iagram  o f  th e  R .F . 
d i s t r i b u t i o n  sy stem  i s  p re s e n te d  i n  f ig u r e  V I, The o u tp u t o f  th e  s ig n a l  
g e n e ra to r  was fe d  by means o f  a  q u a r te r  w aveleng th  o f  c a b le  to  an 
im pedance m atch ing  n e tw o rk , w hich p ro v id e s  two o u tp u ts  o f  $0/1 e a c h , A 
h a l f  w aveleng th  o f  c a b le  was used  to  co n n e c t each o u tp u t to  a  b a lu n , one 
b a lu n  b e in g  u sed  a t  each  R .F , s t a g e .  Type EG $8 A/U c o a x ia l  c a b le  was 
u sed  th ro u g h o u t th e  d i s t r i b u t i o n  sy s te m .
Two s ig n a l  s o u rc e s  w ere u s e d , a  low power G en era l R adio b r id g e  
o s c i l l a t o r  ty p e  1330A, and a  h ig h  power C o lp i t t s  o s c i l l a t o r .  The fre q u e n c y  
o f  each  o f  th e s e  o s c i l l a t o r s  c o u ld  be c o n t in u o u s ly  v a r ie d  by means o f  a  
synchronous m otor s u i t a b ly  a t ta c h e d  to  th e  tu n in g  s e c t i o n ,  V/hen th e  h ig h  
power o s c i l l a t o r  was u se d , th e  b a lu n s  w ere te rm in a te d  by 200/v., non- 
in d u c t iv e  power r e s i s t o r s  co n n e c te d  a c ro s s  th e  R .F . p l a t e s .  When th e  low 
power o s c i l l a t o r  was u se d , a  d i f f e r e n t  method o f  te rm in a t in g  th e  b a lu n s  
was em ployed. S in ce  th e  R ,F . v o l ta g e  on th e  d e f l e c t i n g  s ta g e s  had to  be 
l a r g e  com pared to  th e  o u tp u t o f  th e  low power o s c i l l a t o r ,  and i t  was 
d e s i r e a b le  to  have an  u n d is to r t e d  s in e  wave s ig n a l  a c ro s s  th e  R .F , p l a t e s ,  
a  r e s o n a n t c i r c u i t  was u s e d . The c a p a c ita n c e  a c ro s s  th e  R ,F . p l a t e s  was 
a p p ro x im a te ly  5 p fd . A c o i l  c o n s i s t i n g  o f  tw en ty  tu rn s  o f  co pper w ire  
on a  h a l f  in c h  d ia m e te r  form , was c o n n ec ted  a c ro s s  th e  R .F , p l a t e s ,  and 
re s o n a te d  a t  15Mc, The b a lu n , i n  t h i s  c a s e ,  v/as te rm in a te d  w ith  a  s in g le  
tu r n  o f  w ire  one in c h  in  d ia m e te r , c o a x ia l  w ith  th e  p re v io u s  c o i l ,  A 
g r id  d ip  o s c i l l a t o r ,  lo o s e ly  co u p led  to  th e  in p u t  end o f  th e  c a b le  
sy stem , was used  to  v e r i f y  t h a t  th e  c o r r e c t  im pedance m atch ing  had been 
a c h ie v e d .
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D« High V o ltag e  System s
The io n  beams used  in  th e  in s tru m e n t were p roduced  in  a  s u r f a c e  
i o n i z a t i o n  s o u rc e .  In  such  a  s o u rc e , a  s a l t  ( in  th e  p r e s e n t  c a se  RbSO^) 
o f  th e  r e q u ir e d  io n s  i s  c o a te d  on a  f i l a m e n t .  P o s i t iv e  io n s  a r e  e m itte d  
from  th e  s u r f a c e  when th e  f i la m e n t i s  h e a te d  to  a p p ro x im a te ly  900°C.
T hese io n s  a r e  e x t r a c te d  from th e  so u rc e  th ro u g h  a  narrow  s l i t  and 
a c c e le r a te d  betw een th e  so u rc e  s l i t  and a  ground s l i t  by a  F lu k e  4^0A 
h ig h  v o l ta g e  power su p p ly . T h is su p p ly  has  a  s t a b i l i t y  o f  0.00$% p e r  
h o u r .
In  o rd e r  to  o b ta in  mass s p e c t r a  w ith  v o l ta g e  sw eep ing , two te c h n iq u e s  
w ere em ployed. The s im p le s t  o f  th e s e  c o n s is te d  o f  a  slow  v o lta g e  sw eeping 
sy stem  in  which th e  h ig h  v o l ta g e  co u ld  be v a r ie d  by ab o u t 0.3% in  a  
p e r io d  o f  h a l f  a  m in u te . F ig u re  V II i s  a  sch em a tic  o f  th e  slow  v o lta g e  
sw eeping c i r c u i t .  The r e s i s t o r  R, a  200Ka h e l ip o t  d r iv e n  by a  25 rpm. 
r e v e r s ib l e  m o to r, Borg 1005-4SY, i s  co n n ec ted  a c ro s s  a  45v . b a t t e r y .  The 
h ig h  v o lta g e  i s  co n n ec ted  to  one s id e  o f  th e  h e l ip o t  and th e  io n  so u rc e  
to  th e  m oveable c o n ta c t .  Thus th e  v o l ta g e  a p p e a rin g  on th e  so u rc e  i s  
g iv e n  by V+&V where &V v a r ie s  from ze ro  to  45v. a s  th e  m oveable c o n ta c t  
i s  sw ept a c ro s s  th e  r e s i s t o r .
As th e  v o lta g e  i s  sw ept i n  t h i s  sy stem , p a r t i c u l a r  m asses w i l l  be 
d e te c te d  when th e  so u rc e  v o lta g e  s a t i s f i e s  Eq. 1 -2 . The freq u en cy  a p p l ie d  
to  th e  R .F . s ta g e s  i s  k e p t c o n s ta n t .  The o u tp u t o f  th e  d e t e c to r  i s  
re c o rd e d  on a  s t r i p  c h a r t ,  th u s  a llo w in g  th e  v o lta g e  s e p a r a t io n  o f  th e  
mass peaks to  be d e te rm in e d .
A f a s t  v o lta g e  sw eeping  c i r c u i t  was a l s o  t r i e d ,  which p e rm its  th e  
d is p la y  o f  th e  mass peaks on an o s c i l lo s c o p e .  F ig u re  V II I  i s  a  b lo c k
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Figure VIII. A block diagram of the fast voltage sweeping circuits. The 
sawtooth generator superimposes a variable amplitude sawtooth onto the 
high voltage. This signal is fed into a variable amplitude square wave 
generator. The sawtooth is twice the freqency of the square wave, and the 
two are phase-locked to produce the composite signal indicated. This 
signal is used as the accelerating voltage for the ion source. The output 
of the detector is fed via an amplifier, into an electronic switch that 
is phase-locked to the transitions of the sawtooth. The two outputs of 
the switch are displayed on a dual beam oscilloscope which sweeps in 
phase with the electronic switch, ""he power line is used as the masver 
timing control by providing synchronising signals to the circuits.
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diagram  o f  t h i s  sy s tem . I f  an io n  i s  d e te c te d  f o r  a  p a r t i c u l a r  h ig h  
v o l ta g e  V^, th e n  th e  a d d i t io n  o f  a  120 o p s , saw to o th  s ig n a l  from th e  
saw to o th  g e n e r a to r ,  w i l l  sweep th e  h ig h  v o l ta g e  th ro u g h  t h i s  peak  one 
hundred  and tw en ty  tim es  a  seco n d . A second  mass peak  w hich i s  d e te c te d  
a t  Vg may be t r e a t e d  in  a  s im i l a r  m anner. To make an a c c u r a te  com parison  
o f  th e  two m asses , a  60  c p s .  s q u a re  wave o f  am p litu d e  a p p ro x im a te ly  
e q u a l to  V^-V^ may be superim posed  on th e  saw to o th  v o l ta g e  a t  V^. Now 
th e  h ig h  v o l ta g e  w i l l  a l t e r n a t e l y  sweep th ro u g h  th e  two mass p e a k s . I f  
th e  o u tp u t o f  th e  d e t e c to r  i s  d is p la y e d  on a  d u a l beam o s c i l lo s c o p e  in  
su ch  a  manner t h a t  each  beam d is p la y s  a l t e r n a t e  120tt o f  a  second  p e r io d s ,  
th e  d is p la y  o f  each  beam w i l l  c o rre sp o n d  to  one o f  th e  two mass p e a k s .
The a m p litu d e  o f  th e  sq u a re  wave can  now be a d ju s te d  to  b r in g  th e  two 
peaks in t o  v e r t i c a l  c o in c id e n c e , a t  w hich tim e th e  am p litu d e  o f  th e  
sq u a re  wave w i l l  be e q u a l to  th e  v o l ta g e  s e p a r a t io n  o f  th e  two mass 
p e a k s .
E . P a r t i c l e  D e te c tio n
A low r e s o lu t io n ,  ap p ro x im a te ly  one p a r t  in  t h i r t y ,  m agnetic  mass 
a n a ly s e r  was employed in  such  a  manner t h a t  o n ly  th e  io n s  in  a  d e s i r e d  
mass ran g e  co u ld  re a c h  th e  d e t e c to r .  The m agnetic  f i e l d  f o r  th e  a n a ly s e r  
i s  p roduced  by a  perm anent m agnet, and th e  m agnetic  f i e l d  i n t e n s i t y  
v a r ie d  by means o f  an a d ju s t a b le  s h o r t in g  b a r  a c ro s s  th e  p o le s .  Io n s  i n  
th e  d e s ir e d  mass ran g e  a r e  d e te c te d  by a  B endix  306 W indowless Photon 
D e te c to r .  The o u tp u t o f  t h i s  d e te c to r  i s  m easured by a  K e ith le y  41?
High Speed P ico -am m eter. In  th e  c a se  o f  f a s t  v o lta g e  sw eeping  th e  o u tp u t 
i s  fed  in t o  an a m p l i f i e r  and a s s o c ia te d  c i r c u i t r y  a s  shown in  f ig u r e  V I I I .  
The o u tp u t o f  th e  p ico -am m eter i s  r e c o rd e d  on a Bai'sch and Bomb V .0 .H .5  
S t r i p  C h art R eco rd e r.
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CHAPTER IV 
EXPERIMENTAL RESULTS
A. Slow Voltage Sweeping
The m otor u sed  to  d r iv e  th e  h e l ip o t  i n  th e  slow  v o l ta g e  sw eeping 
c i r c u i t  i s  s e l f  r e v e r s in g ,  so  t h a t  th e  h ig h  v o lta g e  i s  a l te r n a te ly -  
in c re a s e d  and d e c re a se d  by a p p ro x im a te ly  4$v. c a u s in g  th e  r e c o rd in g  on 
th e  s t r i p  c h a r t  to  r e p e a t  i t s e l f  ev e ry  m inu te  o r  s o .  T h is  p ro v id e s  a 
b u i l t  i n  c a l i b r a t i o n  f o r  th e  re c o rd in g  s in c e  th e  v o lta g e  s e p a r a t io n  
betw een ev e ry  second peak  o f  th e  same m ass, p ro v id in g  t h a t  th e  mass peak 
ap p e a rs  o n ly  once in  th e  i n t e r v a l  & V, i s  e q u a l to  2SV. Then, b ecau se  th e  
v o l ta g e  sweep i s  l i n e a r ,  a  s im p le  r a t i o  o f  le n g th s  can be u sed  to  
d e te rm in e  th e  peak s e p a r a t io n s  o r  w id th s . In  f ig u r e  IX th e  v o ltag e ,2 S V , 
i s  92v. s in c e  th e  a c tu a l  SV p ro v id e d  by th e  sw eeping c i r c u i t  was 46v.
The w id th  o f  th e  o f  th e  peak  in d i c a te d  i s ,  by c a l c u l a t i o n ,  6 .2 v .  T his 
co rre sp o n d s  to  a  r e s o lu t io n  o f  one p a r t  in  th r e e  th o u san d . The t h e o r e t i c a l  
r e s o lu t io n  f o r  t h i s  r e c o rd in g  i s  one p a r t  in  fo u r  th o u sa n d . The la rg e
O r  Q r n
peak s a re  due to  Rb and th e  sm a ll ones to  Rb .
B. Fast Voltage Sweeping
The circuit for fast voltage sweeping was built and tried on the 
mass spectrometer. However the technique was not employed extensively. 
There are two reasons for this. Firstly, the resolution of the instrument 
i s  not easily determined from the display on the oscilloscope since this 
requires a precise knowledge of the amplitude of the sawtooth in the high 
voltage circuit. This work is concerned with the preliminary operation
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
2 5
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Figure I.'C» Recorder Trace for Slow Voltage Sweeping
o f  w i n b s g r  l ib r a r y
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o f  th e  s p e c tro m e te r ,  th u s  making an easy  d e te rm in a tio n  o f  th e  r e s o lu t io n  
a lm o s t a n e c e s s i ty »  S eco n d ly , i t  was found t h a t  th e  saw to o th  g e n e ra to r  ;■ 
and p o s s ib ly  th e  sq u a re  wave g e n e ra to r  were p ic k in g  up some A.C. n o is e  
w ith  th e  r e s u l t  t h a t  th e  peaks d is p la y e d  on th e  o s c i l lo s c o p e  were 
u n s te a d y , jum ping back and f o r t h  o v er a  sm a ll ra n g e .
C. F requency  Sweeping, High Power O s c i l l a to r
The fre q u e n c y  sw eeping  w ith  th e  h ig h  power o s c i l l a t o r  p roved  to  be 
th e  most c o n v e n ie n t f o r  th e  p re l im in a ry  work b ecause  o f  i t s  wi.de range»
F ig u re  X i s  a  r e c o rd in g  o f  a  freq u en cy  sweep o v er a ran g e  g r e a t e r  th a n
one m egacycle c e n tre d  a t  15Mc» A lthough th e  r e s o lu t io n  i s  n o t to o  h ig h  
i n  t h i s  p a r t i c u l a r  r e c o rd in g ,  i t  does show a  good s t a b i l i t y  and th e  wide 
ran g e  o v er which th e  c a b le  system  can  be u se d . I t  sh o u ld  be m entioned  
t h a t  th e  h ig h  power o s c i l l a t o r  was a ls o  u sed  d u rin g  th e  slow  v o lta g e
sweep f o r  th e  r e s u l t s  shown in  f ig u r e  IX .
The p a r t i c u l a r  re c o rd in g  in  f ig u r e  X shows hov; th e  mass peaks fo r  
d i f f e r e n t  m asses o v e r la p  a t  h ig h  n num bers. The sm a ll peak h as  a  low er 
r e p e t i t i o n  freq u en cy  th a n  th e  la rg e  one, th u s  th e  sm a ll peak a p p e a rs  to  
emerge from under th e  la r g e  one on th e  l e f t  hand s id e ,  move betw een two 
la r g e  p e a k s , and th e n  go back under a  la r g e  peak  from th e  r i g h t  hand 
s id e ,  a s  th e  freq u en cy  in c r e a s e s .
D. F requency Sw eeping, Low Power O s c i l l a to r
The low power o s c i l l a t o r  u s in g  th e  r e s o n a n t  c i r c u i t  to  d r iv e  th e  
RoFo p l a t e s ,  h ad , in  c o n t r a s t  to  th e  h ig h  power o s c i l l a t o r ,  a  w orking 
freq u en cy  ran g e  o f  o n ly  a p p ro x im a te ly  lOOKc. However i n  t h i s  ra n g e  th e  
mass peaks a r e  q u i te  good showing a  r e s o lu t io n  o f  one p a r t  in  s i x  th o u san d .
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F ig u re  XI i s  a r e c o r d e r  t r a c i n g  o f  a f re q u e n c y  sweep u s in g  th e  low power 
o s c i l l a t o r  i n  w hich th e  peaks t o  th e  l e f t  a re  o c c u rin g  a t  re so n a n c e  and 
th e  ones t o  th e  r i g h t  a re  o f f  re so n a n c e . I t  i s  im p o ss ib le  to  m easure th e  
v o l ta g e  on th e  R .F . p la t e s  when th e  re s o n a n t  c i r c u i t  i s  em ployed s in c e  
t h i s  would d i s tu r b  th e  re s o n a n c e . The am p litu d e  o f  th e  R .Fy v o l ta g e  i s  
e s t im a te d  to  l i e  in  th e  ra n g e  SO to  lOOv.
I f  th e  R .F . v o l ta g e  i s  in c re a s e d ,  th e  peaks s t a r t  t o  b roaden  and 
s p l i t  as can  be seen  in  f ig u r e  X II. T h is  r e c o r d e r  t r a c i n g  was ta k e n  a t  
th e  same tim e  as t h a t  in  f ig u r e  XI, th e  o n ly  d i f f e r e n c e  betw een th e  two 
b e in g  an in c re a s e  i n  th e  R .F . v o l ta g e  f o r  f i g u r e  X II. T hese e f f e c t s  w ere 
a ls o  o b se rv ed  when th e  h ig h  power o s c i l l a t o r  was em ployed i f  th e  R .F .
v o lta g e  was in c re a s e d  much beyond ^Ov. In  f ig u r e  X II th e  odd peaks f o r
b o th  o f th e  m asses , Rb^^ and Rb^? ,  have s p l i t  and th e  even peaks f o r
b o th  o f  th e  m asses a re  b ro ad en ed .
S. General Results
I t  was m en tioned  in  C hap ter I  t h a t  a low r e s o lu t io n  m ag n e tic  mass 
a n a ly se r  was used  so  t h a t  o n ly  a  sm a ll mass ran g e  co u ld  re a c h  th e  
d e t e c to r .  F ig u re  XT[I i s  a r e c o rd e r  t r a c e  o f  th e  o u tp u t o f  th e  mass 
s p e c tro m e te r  w ith o u t th e  m ag n e tic  mass a n a ly s e r ,  b u t w ith  th e  p a r t i c l e  
d e te c to r  m ounted d i r e c t l y  b eh in d  s l i t  S ^ . S in c e  th e r e  s e v e r a l  mass peaks 
p r e s e n t ,  i t  i s  d i f f i c u l t  to  make any a c c u ra te  m casru en en ts  o f  th e  
r e s o lu t io n  o r  th e  peak s e p a r a t io n s .
The e x p e r im e n ta l v e r i f i c a t i o n  o f  th e  d i f f e r e n t  mass r e s o lu t io n  f o r  
even and odd peaks can  be seen  in  f ig u r e  X I^. Both o f  th e  ru b id iu m  mass
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IVIV
F ig u ra  Xj I .  R ecorder T race  o f  F requency  Sweeping fo r  th e  Low Power
O s c i l l a t o r  showing Peak S p l i t t i n g
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F ig u re  X I I I» R eco rd e r T race  o f  Mass Peak O v erlap p in g
F ig u re  .XIV. R eco rde r T race  Showing th e  D if f e r e n t  Mass R e s o lu tio n  f o r
Even and Odd n Numbers
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V o ltag e  Sweep
I V
n .
F requency  Sweep
F ig u re  XV. R eco rder T races  f o r  a V o ltag e  and a  F requency  Sweep Shownng 
Comparable R e s o lu t io n s  under th e  same C o n d itio n s
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
53
85peak s a re  p r e s e n t ,  b u t  due to  i t s  g r e a t e r  i n t e n s i t y ,  th e  Rb peak  shows 
th e  e f f e c t  b e t t e r .  The even n number peak s have been marked w ith  an E 
and th e  odd peaks w ith  an 0 .  The w id th s  o f  th e  even and odd peak s a r e  i n  
th e  r a t i o  o f  a p p ro x im a te ly  th r e e  to  two* T his i s  in  ag reem en t w ith  th e  
th e o ry  d ev eloped  to  e x p la in  t h i s  e f f e c t .
F ig u re  XV shows a  slow  v o lta g e  sweep and a  freq u en cy  sweep u s in g  
th e  h ig h  power o s c i l l a t o r .  These two sweeps were tak en  one a f t e r  th e  
o th e r  so  t h a t  th e  c o n d i t io n s  a re  th e  same fo r  b o th  sw eeps. The v o l ta g e  
sweep g iv e s  a  r e s o lu t io n  o f  one p a r t  i n  tw en ty  two h u n d red , w h ile  th e  
freq u en cy  sweep g iv e s  a  r e s o lu t io n  o f  one p a r t  i n  tw en ty  fo u r  h u n d red . 
S in c e  th e  r e s o lu t io n s  a re  a p p ro x im a te ly  th e  sam e, i t  i n d i c a t e s  t h a t  th e  
fre q u e n c y , i n  th e  v o lta g e  sw eep, i s  a s  s t a b l e  a s  th e  v o l ta g e ,  in  th e  
freq u en cy  sw eep.
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CHAPTER V .
DISCUSSION AHÜ CONCLUSION
The new Time o f  F l ig h t  Mass S p e c tro m e te r  shows s i g n i f i c a n t  
im provem ent o v er th e  one used  by  Lum, i n  s t a b i l i t y ,  r e l i a b i l i t y ,  and 
e a se  o f  o p e ra t io n .  However, w ith  th e  p r e s e n t  in s tru m e n t a r e s o lu t io n  
o f  a t  l e a s t  one p a r t  i n  tw en ty  th o u san d  sh o u ld  be p o s s ib le ,  s in c e  th e  
v o l ta g e s  t h a t  have b een  a p p lie d  t o  th e  d e f l e c t i n g  p la te s  a re  o n ly  a 
sm a ll f r a c t i o n  o f  th o s e  t h a t  c a n  be s u p p lie d  by th e  o s c i l a t o r s .  As 
was seen  i n  IV ,F i f  an  R .F . v o l ta g e  g r e a te r  th a n  abou t ^Ov, was a p p l ie d  
to  th e  d e f l e c t i n g  p l a t e s ,  th e  odd mass peaks s t a r t e d  to  s p l i t  w h ile  th e  
even mass peaks b ro ad en ed . These e f f e c t s  a re  n o t f u l l y  u n d e rs to o d  a t  
p re s e n t  and o n ly  p o s s ib le  cau ses  f o r  them  w i l l  be advanced in  t h i s  
d is c u s s io n .
I t  i s  th o u g h t t h a t  th e  b ro a d e n in g  o f  th e  even mass peaks n ay  be due 
to  a component o f  th e  R.F. electric field i n  th e  direction o f th e  ion 
beam. I f  t h i s  i s  th e  c a s e , th e n  as th e  io n  beam p asse s  th ro u g h  an R .F . 
s ta g e  p a r t  o f  i t  w i l l  r e c e iv e  an a c c e le r a t io n  in  th e  d i r e c t i o n  o f  th e  
beam w h ile  th e  o th e r  p a r t  w i l l  r e c e iv e  a d e c e le r a t io n .  The n e t  e f f e c t  
w i l l  be cu m u la tiv e  f o r  th e  even  mass peaks and c a n c e l f o r  th e  odd mass 
p eek s . Thus th e  even mass peaks w i l l  te n d  to  become b ro a d e r  th a n  i s  
p r e d ic te d  by th e o ry  w h ile  th e  odd macs peaks w i l l  c o n tin u e  to  in c re a s e  
in  r é s o lu t io n  a s . t h e  R .F . v o lta g e  i s  in c re a s e d .
I f  th e r e  i s  a harm onic d i s t o r t i o n  o f  th e  R .F. s ig n a l ,  th e n  in s te a d  
o f  h av in g  h a l f  p e r io d s  t h a t  a re  a l l  e q u a l t o  each o th e r ,  i t  i s  p o s s ib le  
to  hr. a two d i f f e r e n t  h a l f  p e r io d s  each  c y c le .  T h is  d i s t o r t i o n  w i l l
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n o t a f f e c t  th e  even mass p e a k s , s in c e  an even number o f  c o n s e c u t iv e  h a l f  
p e r io d s  w i l l  alw ays y i e l d  th e  same tim in g  i n t e r v a l  no m a tte r  w here th e y  
a re  ta k e n .  However, an  odd number o f  h a l f  p e r io d s  can  y ie ld  two d i f f e r e n t  
t im in g  I n t e r v a l s  depend ing  on w here th e  i n i t i a l  h a l f  p e r io d  i s  ta k e n . 
T h u s , th is  ty p e  o f  d i s t o r t i o n  w i l l  cau se  th e  odd mass peaks t o  s p l i t  i f  
th e  d i f f e r e n c e  betw een th e  two tim in g  i n t e r v a l s  i s  s u f f i c i e n t l y  la r g e ,  
w h ile  th e  even mass peaks w i l l  n o t be a f f e c te d .
A lthough a h ig h  r e s o lu t io n  has  n o t b een  ach iev ed  in  th e  p re l im in a ry  
work due to  the peak s p l i t t i n g  and b ro a d e n in g , i t  i s  felt t h a t  th e  
in s tru m e n t i s  c a p a b le  o f  a much h ig h e r  r e s o lu t io n  once th e  e x a c t cau se  
o f  th e s e  e f f e c t s  has been found  and c o r r e c te d .
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